Summary
Introduction
The endovascular treatment of wide-neck bifurcation aneurysms has improved with new techniques and devices. However, it remains challenging in some cases, even if standard adjunctive techniques, such as balloon remodelling 1 or stent-assisted coiling 2 are used. Therefore, some advanced stenting techniques have been developed, such as Y stent-assisted coiling, consisting in deployment of two overlapping stents in both bifurcation branches to reconstruct the neck and to assist coiling of the aneurysm [3] [4] [5] [6] [7] [8] . Another technique is waffle-cone assisted coiling, in which the terminal aspect of a single stent is placed inside the aneurysm to protect the base from coil protrusion during coiling [9] [10] [11] [12] [13] [14] [15] . Both techniques have some drawbacks. We describe the use of a hybrid technique, consisting in coiling after the placement of a stent in one bifurcation branch, and then a second stent inside the aneurysm in a wafflecone fashion. To our knowledge, this technique has been reported only once for the treatment of a basilar tip aneurysm. However that report slightly differed from our cases as both a closed and an open cell devices were used, whereas we only used closed cell stents 16 . We propose hybrid Y stenting combined with the waffle-cone as a bailout procedure after failure of conventional Y stent-assisted coiling.
Materials and Methods
We selected from our database all aneurysms treated by hybrid Y stenting combined with the waffle-cone technique. Four patients, all females, were selected (mean age 64.2). In three elective cases, the intention-to-treat was conventional Y stent-assisted coiling but the approach was switched during the procedure; in one ruptured aneurysm, hybrid Y stenting combined with the waffle-cone was planned before the procedure.
Technique
We describe our standard technique, which was similar in all cases. All elective patients were given ticlopidine 250 mg b.i.d. and aspirin FL, USA). Feasibility of the treatment, complication rates, morbidity and mortality, immediate and follow-up angiographic outcome (using the Raymond-Roy scale) were evaluated.
Results
In all cases the procedure was completed. Immediate complete occlusion was obtained in two cases (RR1) and small aneurysm remnants in two cases (RR3).
No complications occurred. At six-month clinical follow-up all patients were asymptomatic (mRS). Angiographic follow-up between six and 36 months (mean 15 months) after treatment was available. All aneurysms remained unchanged without any regrowth (Table 1).
Case 1
A 65-year-old woman was referred for an incidental middle cerebral artery (MCA) wideneck bifurcation aneurysm (Figure 1 ). Both bifurcation branches originated from the neck at an acute angle. Clipping was proposed as a first option but the patient refused, so Y stentassisted coiling was planned. After deployment of the Enterprise in the inferior branch of the bifurcation, which was the most angulated, catheterization of the superior bifurcation branch through the meshes of the first stent was attempted.
All catheterizations attempt failed, including the exchange manoeuvre after passing the stent with an Echelon 10. At the time of inter-300 mg q.d., starting ten days before the procedure and to be continued for six months; antiplatelet agents resistance was assayed before surgery. In ruptured aneurysms, a single dose of 500 mg i.v. aspirin was given after groin puncture and 600 mg clopidogrel loading dose was given before stenting via a nasogastric tube. All interventions were performed under full anticoagulation (ACT value 250-300). From the femoral access, a 6F 90 cm long Arrow introducer sheath (Arrow International, Reading, PA, USA) was advanced into the internal or common carotid artery, and a 6F 100 cm long Envoy guide catheter (Cordis, Miami, FL, USA) was advanced coaxially in the internal carotid artery. One of the bifurcation branches was catheterized with a Prowler select plus microcatheter (Codman Neurovascular, Miami, FL, USA) over a hydrophilic 0.016" wire (GT wire, Terumo, Tokyo, Japan), then a 4.5×28 Enterprise stent (Codman Neurovascular, Miami, FL, USA) was deployed across the neck of the aneurysm. After failure of catheterization of the other bifurcation branch, necessary for the initially planned Y stenting, the aneurysm was accessed with another Prowler select plus microcatheter, crossing the interstices of the stent. In a single case, the aneurysm was accessed with the Prowler select plus before deployment of the first stent. Then, a second closed cell stent was deployed inside the aneurysm in a waffle-cone configuration (Solitaire AB; eV3/Covidien, Irvine, California, USA or Enterprise stent). Finally, the aneurysm was catheterized again crossing through the stents with an Echelon 10 microcatheter (eV3/Covidien, Irvine, California, USA) and embolized with Galaxy coils (Codman Neurovascular, Miami, vention small profile stents that could be delivered by a 10 catheter were still not available. Therefore, a Solitaire stent was deployed with its distal tip inside the aneurysm in a wafflecone fashion. Finally, the aneurysm was catheterized through the stents and coiled: the presence of the stents allowed coiling with protection of bifurcation branches. The aneurysm was occluded with a small loosely coiled basal remnant, which was stable at three-year follow-up.
Case 2
A 57-year-old woman was referred for an unruptured aneurysm of the anterior communicating artery (AComA), with shape and size modifications during MRI follow-up. The sac was bilobated, the largest diameter was 8 mm, the right A2 tract originated from the sac and the right A1 was hypoplastic ( Figure 2 ). Coiling with Y stent-assisted coiling as intentionto-treat was planned. During catheterization attempt of the right A2 tract, the right lobe of the aneurysm was perforated and catheterization failed. Heparin was reversed with protamine sulphate. Sudden catheterization of the left A2 tract was performed and the Enterprise stent was deployed; then, the right lobe of the aneurysm was catheterized through the meshes of the first stent and a 4×20 Solitaire AB stent was deployed inside the aneurysm in a waffle-cone fashion. Finally the aneurysm was coiled with complete occlusion. The patient had good clinical recovery with no neurological deficits. One-year angiographic follow-up confirmed aneurysm occlusion.
Case 3
An 83-year-old woman was referred for acute subarachnoid haemorrhage (Fisher 3, H&H 2). She was already known to have a wide-neck AComA aneurysm, which had not been previously treated because of patient's age. Angiography confirmed a wide-necked 7 mm AComA aneurysm, with left A2 segment originating from the basal aspect of the sac at an acute angle; the right A1 segment was hypoplastic ( Figure 3 ). Diffuse atherosclerotic changes to the left carotid siphon were also present. Since the patient's clinical status was good and no significant comorbidities were reported, we decided to treat the aneurysm. In consideration of aneurysm shape and vascular ing nor conventional stent-assisted coiling could achieve protection of the parent vessel and bifurcation branches. Double balloon remodelling was not contemplated because we estimated that left A2 catheterization was too dangerous and that this technique would not have guaranteed artery protection. Y stent-asconditions, clipping would have been the most suitable option. However, patient age was considered a very limiting factor for clipping, so endovascular coiling was decided. The intention-to-treat of the endovascular intervention was hybrid Y stenting with the waffle-cone, since we felt that neither balloon-assisted coil- scopic stents was challenging. Afterwards the aneurysm was coiled achieving compact packaging of the body and dome of the sac, with a loosely coiled basal remnant. At six-month angiographic follow-up the aneurysm remnant is stable and the patient has no neurological deficits.
sisted coiling was not contemplated because catheterization of the left A1 was considered too difficult and dangerous. The first stent was deployed from the left A1 tract to right A2 tract, then a 6×20 Solitaire AB was deployed inside the aneurysm. Subsequent catheterization of the aneurysm navigating the two tele- 
A B C D
Therefore, the aneurysm was catheterized through the stent and a second Enterprise was placed in a waffle-cone configuration. Finally, the aneurysm was coiled achieving complete occlusion.
No complications occurred. At six-month angiographic follow-up the aneurysm is occluded and the patient has no neurological deficits.
Case 4
A 52-year-old woman was referred for an 8 mm, wide-necked unruptured left carotid tip aneurysm (Figure 4 ). Y stent-assisted coiling was planned. After placement of the first stent in the A1 tract, catheterization of the middle cerebral artery failed, even though the stent could be crossed with the guidewire. protected by the first stent, the waffle-cone stent is adequate to support coiling by creating scaffolding for coils thus preventing their prolapse towards the parent vessel or the bifurcation branches.
To our knowledge, a single case report of hybrid Y stenting with the waffle-cone has been reported in the literature by Cho et al. 16 . Moreover, Hauck et al. described the case of a giant ophthalmic aneurysm growing after waffle-cone-assisted coiling and retreated deploying a stent through the initially placed stent to recreate the aneurysm neck and assist coiling. However, this case should be regarded as a failure of the waffle-cone technique as the intention-to-treat was not the hybrid waffle-cone technique 21 .
In the report by Cho et al., a ruptured broad base basilar tip aneurysm was treated with this technique after failure of conventional Y stentassisted coiling. The authors first placed a closed cell stent (Enterprise) in one posterior cerebral artery, then they deployed an open cell stent into the aneurysm through the interstices of the first one, stating that the closed strut system of the first stent holds the open cell stent at the point of penetration making a waffle-cone shape with a narrower base 16 . We agree that the first stent should be a closed cell one, since it can be navigated and deployed more easily than an open cell stent. However, we believe that the second stent should be a closed cell device too, because of many advantages. An open cell stent can be repositioned without displacing the first stent; moreover a tapered stent with a flared end and without platinum wire reduces the risk of perforation, making the procedure safer. In our experience, the second stent was a Solitaire in three out of four cases, because it can be deployed very easily, can be fully recovered before detachment, it has no distal platinum wire purchase and its largest available diameter is 6mm. We believe that the second stent should be larger than the parent vessel, in order to freely expand inside the aneurysm assuming a wafflecone shape, but not larger than the aneurysm diameter to avoid perforations.
It may be argued that these aneurysms could have been treated with a single stent placed in a waffle-cone configuration. However, given the broad base of these aneurysms, it is unlikely that the waffle-cone stent would have fully covered the base of the aneurysm (especially for cases 1, 2 and 3). Moreover, in three out of
Discussion
Endovascular treatment of wide-neck bifurcation aneurysms is still challenging. Since simple coiling is often not possible, some adjunctive techniques have been developed, such as the balloon remodelling technique 1 and stentassisted coiling 2 , which allow treatment of most aneurysms. Nevertheless, complex morphological conditions such as very wide-neck, arteries incorporated with the aneurysm or impossible distal catheterization due to an acute bifurcation angle can prevent the treatment even with standard adjunctive techniques 17 .
One technique used for complex aneurysms not amenable to conventional endovascular techniques is Y stent-assisted coiling, consisting in placement of two crossing stents in a Y configuration to protect the bifurcation branches during coiling [3] [4] [5] [6] [7] [8] . A variation of this technique consists in deploying two parallel stents 18 . Y stent-assisted coiling leads to a very high occlusion rate but it has some drawbacks: the procedure is challenging with possible aneurysm perforation, moreover the presence of two crossing stents in the parent vessel could lead to an increased risk of acute thrombosis or late stenosis. If the catheterization of both bifurcation vessels cannot be accomplished because of vessel angulations or difficulty in crossing the interstices of the first stent, Y stenting cannot be achieved. In addition, flow diverter stents have been used for bifurcation aneurysm treatment, but although they allow a high occlusion rate, the patency of the unstented branch is a major concern 19 . Recently, flow disruption with intra-aneurysmal devices has been proposed and appears an interesting approach for bifurcation aneurysms 20 , however few data are available on the safety and efficacy of these devices.
An alternative technique is waffle-cone assisted coiling: the distal component of the stent is deployed inside the aneurysms where it is allowed to fan out, supporting the subsequent coiling [9] [10] [11] [12] [13] [14] [15] . In early reports, this technique was performed with open cell devices 9 , but more recently a waffle-cone technique using a closed cell stent has been described [10] [11] [12] [13] [14] [15] 18 . A good coverage of the neck is not always possible and placement of the stent into the aneurysm entails the potential risk of perforation.
We describe a combined approach, which could help in difficult cases. With this technique, since one of the bifurcation branches is One drawback of this technique is the theoretical risk of acute or late ischaemia due to the incomplete opening of one of the two stents at the crossing point. In our small series we did not observe any ischaemic event, although the number of patients is too small to assess this point. The same risk occurs with Y stent-assisted coiling, but in the largest series of aneurysms treated with this technique the ischaemic complication rate was low 7, 8 .
An alternative technique for very wide-neck aneurysms is double balloon remodelling. However this technique is challenging and we never use it in elective patients (three out four of our cases). We do not believe that hybrid Y stenting with waffle-cone-assisted coiling should be proposed as a first-line technique for aneurysm treatment. In three out of four cases, we first tried to perform conventional Y stent-assisted coiling but this technique failed because of the angulation of one bifurcation branch and its difficult catheterization. In the other case, the aneurysm had such a complex morphology that would have usually contraindicated an endovascular approach, but we decided to treat it because the advanced age of the patient made clipping more dangerous.
In our small series, we did not experience any complication from this technique. However, we believe that hybrid Y stenting with the waffle-cone is technically challenging and the risk of complications must not be underestimated. This technique should not be attempted for aneurysms with short dome heights where a deployment error could result in rupture, or aneurysms with necks less than the size of the distal stent flare, because of the risk of perforation.
Therefore, hybrid Y stenting with the wafflecone should be regarded as a bailout procedure for complex shape bifurcation aneurysms after failure of conventional Y stent-assisted coiling or other treatment modalities.
four cases a stent had already been deployed in one bifurcation branch since the intention to treat was Y stenting. In the other patient (case 3), hybrid Y stenting with the wafflecone was the first choice because we estimated that a single waffle-cone stent was not adequate to protect the bifurcation vessels since the neck was very large.
Compared with the conventional wafflecone technique, we believe that hybrid Y stenting with the waffle-cone allows safer protection of the neck and the bifurcation branches because of greater neck coverage even in case of very complex morphology. Recently, a new device designed for waffle-cone-assisted coiling has been proposed (pCONus, Phenox, Bochum, Germany). There are still few reported data about this device, but it should help obtain a more complete coiling with an easier neck protection than conventional stents placed in a waffle-cone fashion 22 . Nevertheless, the feasibility of this technique must still be demonstrated in case of very complex shape aneurysms, when simple scaffolding of the neck may not be enough to protect from coil prolapse. The combination of pCONus with other devices could be an interesting possibility. Recently, placement of two pCONus devices in a Y configuration has been reported 23 .
In case of the standard waffle-cone technique, the flow is directed by the stent towards the base of the aneurysm, so potentially increasing the chance of recurrence. One advantage of Y stent-assisted coiling over wafflecone-assisted embolization is the flow-diverting effect of the crossing stents 24, 25 , which is expected to limit the chance of recurrences. We have no data on flow modification after hybrid Y stenting with the waffle-cone, but it is likely that the crossing of the stents and the presence of one stent placed in a standard fashion would avoid direct flow towards the base of the aneurysm.
